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In situ consolidation of thermoplastic composites by Automated Tape Placement (ATP) is challenging. High quality ATP 
grade pre-preg material and tape head equipped with an efficient heat sources like lasers offer an opportunity towards high 
deposition rates and improved mechanical properties of composite materials. In this study uni-directional carbon fiber/ 
polyphenylene sulfide (UD tape prepreg CF/PPS), carbon fiber/polyetheretherketone (UD tape prepreg CF/PEEK) as well 
as blend of carbon fiber/polyetheretherketone/polyphenylene sulfide (UD tapes prepregs CF/PEEK/PPS) laminates are 
compared in terms of their properties after beeing processed by ATP technology. CF/PPS, CF/PEEK and blend 
CF/PPS/PEEK laminate specimens were processed using in-situ laser-assisted ATP (LATP) process. LATP processing 
parameters used in this study were chosen based on a preliminary trials; the results provide a basis for refinement of these 
parameters and prepreg material with an optimal and balanced set of final mechanical properties. This study showed an 
attempt how to manage the processing parameters for LATP process and to obtain composite materials with tailored 
properties. The process for production of thermoplastic plates with LATP head in general is a process that is governed by 
many parameters such as: laser power, angle of incidence, roller pressure and temperature, placement speed, tool 
temperature, then types of the roller material and the tool material. These parameters are not subject of discussing in this 
paper; they are kept constant, and the goal of the paper is to manage the crystallinity level within the composite 
thermoplastic material during annealing step at different temperatures after LATP process. Also, the void content during 
the production process could be controlled. More particularly, the authors showed that composites based on PPS matrix 
manufactured with LATP process possess higher flexural strength, with less void content compared to samples based on 
PEEK matrix. These samples showed also higher crystallinity after annealing step. 
Keywords: thermoplasts, laser-assisted automated tape placement (LATP), degree of crystallinity, void content, flexural 
strength. 
 
1. INTRODUCTION  
Thermoplastic composites are expected to undergo 
substantial growth over the next 10 – 20 years. The main 
advantages of thermoplastics compared to thermosetting 
composites are: rapid processing, reduced volatiles, 
improved reuse/recycle cycles, and in some cases reduced 
materials cost. These composites are attractive for 
application in the civil and military aerospace industry due 
to the high stiffness, fracture toughness, compressive 
strength, good impact, fatigue and chemical resistance 
properties. Another advantage of thermoplast composites is 
their ability to re-melt, which widens the possibilities in 
product and production process designs [1 – 5]. 
Thermoplastic tape placement is a special case of an out 
of autoclave process; it has high potential for aerospace 
industry due to its high degree of automation. Unidirectional 
(UD) continuous fiber reinforced tapes with high fiber 
content are used as semi-finished material. These tapes are 
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usually fully impregnated and consolidated with void 
content of approx. from 0.07 to 3.70 %. Within the 
thermoplastic tape placement process, tapes are melted by a 
heat source like, laser beam, infrared light, hot gas torch, 
and bonded to laminates by compaction force induced by a 
consolidation roller. During consolidation step, the tapes are 
cooled down to tool temperature (tool is made of Al alloys) 
[1, 2]. 
The recent advances in automated manufacturing 
technology of composite materials resulted in a highly 
promising process called fiber placement. The advantages 
of fiber-placement processes can be combined with the high 
throughputs that can be achieved using thermoplastic 
prepreg tape that can be shaped and consolidated online. 
This is enabled due to the chemical structure of the resin that 
melts under the heat regime and consolidation before the 
cooling step. Thus online consolidation technology has 
some advantages such as: i) eliminates the use of an 
autoclave by applying heat directly at the nip-point, ii) 
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welding the tape on the preceding layer under compaction 
pressure, and iii) consolidating shortly behind the nip-point 
where the temperature is usually lower than in the previous 
step. Mechanisms governing strength buildup and 
consolidation during thermoplastic fiber-placement 
processes should be well understood in order to control the 
processing parameters to obtain the optimum product 
quality [3]. Laser-assisted tape placement was studied by 
many authors and described in literature [4 – 17]. 
Particularly, crystallization kinetics behavior of 
Polyetheretherketone (PEEK) based composites exposed to 
high heating and cooling rates is investigated by Tierney et. 
al., [16]. The rapid and appreciable crystal growth occurs 
under ultra-high heating and cooling rates. 
Welding of semicrystalline thermoplastic UD tapes 
with LATP (Laser-Assisted Tape-Placed) process is also 
analyzed in literature as well [6 – 10]. These studies have led 
researchers to measure the temperature distribution in the 
vicinity of the welded process zones [17 – 32]. The thermal 
history of the composite material during processing by 
LATP is of great benefit to understand the bond quality and 
the properties that control e.g., crystallinity and void content 
in composite materials.  
For different commercially available thermoplastic 
tapes it is very important to identify a LATP process. The 
microstructure, bond strength measured by 3-point bending 
test (3-pbt) and degree of crystallinity of tested tapes at 
different temperatures are also presented. Good agreement 
between experimental and theoretical data was observed for 
examined samples. 
2. EXPERIMENTAL DETAILS 
2.1. Materials 
The thermoplastic composite materials evaluated in this 
study are:  
 LATP1: UD prepreg material Suprem™ T with 
Carbon-fibre (Hexcel AS4 carbon fibre) and matrix 
PPS (Ticona 0214 PPS) supplied by SupremTM 
(Switzerland);  
 LATP2: UD prepreg material Tenax®-E TPUD PEEK-
HTS45 with Carbon-fibre (Tenax®-E HTS45 12K 
carbon fibre) and matrix PEEK (Vitrex 150 PEEK) 
supplied by Toho Tenax (Germany), and  
 LATP3: UD blended prepreg material Tenax®-E 
HTS45/150PEEK + Suprem™ T 60 % AS4/PPS-214 
with 50/50 %.  
Table 1. Description of UD prepregs (used in this study) 
Materials 
Tenax®-E TPUD 
HTS45/150PEEK 
Suprem™ T 60% 
AS4/PPS-214 
Prepreg areal 
weight 
220 g/m² 305 g/m² 
Fibre areal weight 145 g/m² 200 g/m² 
Matrix content 34 wt.% 34 wt.% 
Nominal thickness 0.14 mm 0.19 mm 
Matrix glass 
transition 
temperature (Tg ) 
143 °C 80 – 90 °C 
Matrix melting 
temperature (Tm) 
342 °C 285 °C 
All examined composite materials are summarized in 
Table 1. The tapes with 25.4 mm width were selected for 
LATP process investigated in this work.  
2.2. LATP process (laser-assisted ATP 
manufacturing) 
The LATP process could be specified by a multitude of 
interdependent variables: 
 LATP operational parameters: laser energy density, 
angle of incidence, roller pressure (roller consolidation 
force), placement speed, tape placement track overlap 
from layer to layer, tool temperature and roller 
temperature; 
 LATP hardware parameters: roller material, tool 
material, and  
 Prepreg properties: surface roughness, void content, 
initial crystallinity level, tape width.  
A complex relationship exists between all of these 
variables and the resulting bond strength of composites. One 
of the most critical variable is the heat source and the 
resulting temperature distribution in the incoming tape and 
substrate, which strongly influences the resulting 
mechanical properties that could be ,,measured,, through 
final void content as well as crystallinity level (in case of 
semi-crystalline thermoplastics such as: PEEK and PPS).  
In this study, laminates were obtained by using a laser-
assisted tape placement head (LATP) manufactured by 
Mikrosam, Macedonia. LATP head is attached to a robot 
arm (product by Kuka, KR 420 R3080), as it is shown in 
Fig. 1.  
 
Fig. 1. A laser-assisted tape placement head (LATP): 1 – a 
consolidation roller (outer diameter of 90 mm); 2 – a tape 
feed, guidance, tensioning, and cutting system for UD tape; 
3 – type -diode laser 3 kW, lens - type/focal length: array 2-
LL-line 2.20; array 1-LL-line 2.10, spot dimension: laser 
beam width 28 mm and laser beam height 56 mm, focus: 
250 mm by Laserline company; the heat source is focussed 
under angle α; 4 – a substrate or laminate; 5 – mandrel (tool) 
and a temperature sensor (pyrometer) that is built in the 
laser system 
Flat panels (samples) were produced using LATP head. 
The laser and pyrometer were set to operate in closed-loop 
control, i.e. the laser energy was controlled to minimize the 
error between the set point temperature and feedback 
temperature measurement from the pyrometer. All factors 
such as: type materials and process parameters for LATP 
(laser energy density, tool  temperature, consolidation force, 
laser angle of incidence, etc.) have a big influence on the 
interplay as well as on the void content inside the laminate 
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made by LATP [17, 18]. In this study, the processing 
parameters (presented in Table 2) were chosen based on a 
number of trials performed by LATP – head [17]. 
Table 2. Laser assisted ATP (LATP) processing parameters used 
in the current study 
Materials LATP1 LATP2 LATP3 
Lay-up angle [0]8* [0]8* [0]10* 
Lay- down speed 9 m/min 
Target temperature  360 °C 420 °C 400 °C 
Tool temperature Unheated/no cooling 
Roller material Rubber 
Tool material Stainless steel 
angle of incidence 22.50 
Roller pressure 
(consolidation f) 
3.8 bar (365.56 N) 
*-numbers of layers 
2.3. Characterization of LATP laminates 
2.3.1. Optical microscopy characterization   
The preparation and procedure for preparing the 
micrographic specimens of polymer composite materials in 
general is described elsewhere [33 – 37]. A sample was 
extracted from each plate of the LATP laminates (LATP1, 
LATP2 and LATP3), mounted in epoxy resin, grinded and 
adequately polished for further examination.  
The image capture and analysis were performed and 
they were evaluated for the void content for  each of the 
laminates manufactured by LATP process. Segmentation of 
the fibres, resin and voids were performed on selected 
regions (10 images first method) using image analysis 
software Image J (NIH ) [38].  
The void content of composite product is very important 
parametar that characterizes the quality of the produced 
composite part. It was used also second method to 
characterize the quality of the produced part and it was 
calculated using the experimental and theoretical density of 
the composite according to Eq 1 [40]: 
𝑉𝑣𝑜𝑖𝑑 =
(𝜌𝑐𝑡−𝜌𝑐𝑒)
𝜌𝑐𝑡
, (1)  
where: Vvoid is void content of the composite; ρct is 
theoretical density of the composite (kg/m3); ρce is 
experimental density of the composite (kg/m3). As stated 
above, method A from ASTM-D 792 standard was used to 
calculate the experimental density ρce of the composite [40].   
2.3.2. Mechanical tests 
A three-point bending test was performed to measure 
the flexural mechanical properties of the composites 
according to ASTM D-790. Specimens with dimensions of 
50.0 mm × 15.0 mm × 1.5 mm were tested at 5 mm/min 
crosshead speed and constant span at L = 16d (d is 
thickness of the specimens). The composites produced only 
by LATP usually show smaller values of flexural strength 
and stiffness compared to composites produced by 
autoclave process [27]. 
The flexural strength, σmax can be determined by 
equations 2 and 3 [41]: 
𝜎𝑚𝑎𝑥 =
𝟑
𝟐
𝑭𝒎𝒂𝒙𝑳
𝒃𝒅𝟐
; (2)  
𝐸𝑓 =
1
4
𝐿3
𝑏𝑑3
𝛥𝐹
𝛥𝑡
, (3) 
where: F is load at a given point on the load-deflection curve 
in N; b and d are the width and thickness of samples tested 
in mm, respectively; L is a support span in mm, Ef is the 
flexural modulus of elasticity given in MPa, Δt is difference 
in deflection between t1 and t2; ΔF is difference in load; F1 
and F2 at t1 and t2, respectively [41]. 
2.3.3. Determination of degree of crystallinity of tested 
laminates  
Differential scanning calorimetry (DSC, Netzsch model 
STA 409CD) was used to measure samples LATP1, LATP2 
and LATP3 in order to determine the degree of crystallinity 
of the tape after laser automatic tape placement at room 
temperature as well at different temperatures after annealing 
step.  
The crystallinity of the welded tape (before and after the 
annealing step) was determined by heating samples from 
room temperature up to 600 °C with a heating rate of 
10 0C/min. The tests were carried out under Ar atmosphere. 
The degree of the crystalline (Xc) is calculate with Eq. 4 
[29]: 
𝑋𝑐 =
|∆𝐻𝑚|−|∆𝐻𝑐|
∆𝐻𝑓 (1−𝑤𝑓)
  𝑥100%;  (1 − 𝑤𝑓) =  𝑤𝑚 , (4) 
where: ΔHm and ΔHc are values of the melting enthalpy and 
the cold crystallization enthalpy, respectively (ΔHm is 
positive and ΔHc is negative).  
The value for ΔHf  represents the melting enthalpy of 
PPS at 100 % crystallinity (or PEEK with 100 % 
crystallinity); these values are 150.4 J/g for PPS and 130 J/g 
for PEEK, respectively [18, 19]. The matrix weight fraction 
(wm = 1-wf calculated from Eq. 4 for LATP1, LATP2 and 
LATP3 is provided by the manufacturers and equals to 0.34 
for both, the tape and the laminate (this value (0.34) is used 
for calculations). 
3. RESULTS AND DISCUSSION  
3.1. Void content in laminates 
Fig. 3 d presents various locations within the tested 
composite samples, where void content were measured by 
optical microscopy. Void content is increased during the 
LATP2 process while it is reduced in the case of LATP3. 
This is an important observation and indicates that void 
rebound has occurred during the LATP process. 
Void content in the composite was determined 
according to two methods: 10 images (first method) and 10 
samples (for second method) [39, 40]. In the LATP1 sample 
voids are up to 2 %, while in the LATP2 sample, voids are 
noted with max value of 8.7 %. For LATP3 samples, the 
max value of void content reached to ~ 6.3 %. The void 
content is relatively higher for LATP2 and LATP3, but still 
they belong within the allowed average limits for 
thermoplastic that usually is up to 5+/-1 %). For samples of 
LATP2, void content is relatively high and required further 
experimentation to overcome this issue in order to 
manufacture a composite within allowed void content and 
acceptable mechanical properties. Fig. 3 2D microscopy 
images from a cross-section of samples LATP 1-3: (i) 
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sample extracted at the begining of LATP process (process 
has just started); (ii) sample extracted from the mid region 
(the process is in its middle regime); (iii) sample extracted 
from the region at the final stage of LATP process. 
 
Type i i ii iii iii Average 
LATP1 
1.90 1.80 1.80 1.87 1.87 
1.87 
1.78 1.92 1.89 2.05 1.86 
LATP2 
8.77 7.32 3.65 2.36 2.78 
5.19 
6.73 7.76 3.45 5.65 3.45 
LATP3 
6.29 3.22 2.56 2.23 0.96 
3.50 
5.43 2.87 3.24 4.23 3.98 
Fig. 2. Calculation of average voids with optical microscopy for 
samples LATP1-3 in diferent regions: i, ii and iii  
Void content is higher at the beginning of the LATP 
process (i) while it is reduced towards the mid and the end 
region of the plate during LATP process (ii and iii, 
respectively) Fig. 2. This phenomenon is due to the high 
power of the laser at the begininig of the LATP process. In 
the following experimental tests [42] with less laser power 
there is a reduced void contents at the begining of the LATP 
process, and actually there is no big difference in the void 
contents all through the sample length or thickness. 
3.2. Mechanical tests of laminates 
The results of  mechanical tests performed on materials 
manufactured by LATP process for three tested samples are 
presented in this section. Overall, the material produced by 
LATP1 performed better properties compared to reference 
data of the autoclaved material [27] in terms of flexural 
strength and flexural stiffness. These data are summarized 
in Table 3.  
The significant knockdown in flexural strength for the 
LATP process (compared to autoclaved samples, Table 3) is 
thought to be a consequence of morphology and void 
rebound as discussed previously in section 3.1. 
3.3. Degree of crystallinity of laminates 
Fig. 4 – Fig. 6 present DSC diagrams for specimens 
LATP1, LATP2 and LATP3, respectively. These specimens 
were tested at room temperature and later annealed 
(thermally treated) at 75, 100 and 150 °C for 60 minutes, 
and then examined again on DSC under the same conditions. 
 
    
a – LATP1(i) 1.903 % LATP1(ii-iii) 1.87 % b – LATP2 (i) 8.772 % LATP2 (ii-iii) 2.363 % 
   
c – LATP3 (i) 6.293 % LATP3 (ii-iii) 0.961 % d – locations of the samples tested for void content 
Fig. 3. Images taken by optical microscopy for LATP1-3 samples and void distribution calculated with software ImageJ (in %). The 
images show max and min void content as well as distribution of phases (polymer matrx and voids) in two different spots (i and 
ii-iii) on cross section of LATP 1-3 samples 
Table 3. Comparison of flexural properties of autoclave and ATP manufactured composites 
Material 
Autoclave strength, 
MPa 
ATP 
Heat source 
Lay-down 
speed, m/min 
Strength average, 
MPa 
Translation 
AS4/PEEK [37] 1500 Hot Gas Torch 1.8 > 1500 100 % 
CF*/PEEK [34] 1650 / / / / 
IM7/PEEK [27] 1775 Laser 8 1207 70 % 
AS4/PEEK LATP2 1650 Laser 9 1143 69.2 % 
AS4/PPS LATP1 1650 Laser 9 1167 70.7 % 
AS4/PPS/PEEK LATP3 1650 Laser 9 1035 62 % 
*Fibre type not further specified. 
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The DSC traces of thee specimens LATP 1 (UD carbon-
PPS tape, Fig. 4) does not show the exothermal cold 
crystallization peak. These specimens were fully 
crystallized during the annealing step, a degree of 
crystallinity ranges from 17.1 to 27.9 %.  
A DSC analysis also confirmed that the laminate 
reached maximum crystallinity with a value of Xc = 27.9 %. 
The carbon-PPS samples start to decompose when 
temperature reaches about 500 °C. 
Fig. 5. shows the DSC heating traces of the LATP2 (UD 
carbon-PEEK tape). The laminate LATP2 shows a cold 
crystallization peak at 173 °C.  
Fig 6 shows the DSC heating traces of the LATP3 (UD 
carbon-PEEK/PPS tape). The laminate LATP3 shows a cold 
crystallization peak at 173 °C and a melt peak at 342 °C for 
PEEK matrix as well as a melt peak at 278 °C for PPS 
matrix. The DSC traces of these specimens do not show the 
exothermal cold crystallization peak for PPS matrix. The 
decomposition process starts at temperatures of ≈ 480 °C.
 
File Sample  Range Atmosfere 
DSC-TG-PPS-CF RT sample LATP1 PPS-CF-RT 27.0/10.0(K/min)/600.0 ARGON/60/no gas/ARGON/10 
DSC-TG-PPS-CF 750C-1h sample LATP1 PPS-CF-750C-1h 27.0/10.0(K/min)/600.0 ARGON/60/no gas/ARGON/10 
DSC-TG-PPS-CF 1000C-1h sample LATP1 PPS-CF-1000C-1h 27.0/10.0(K/min)/600.0 ARGON/60/no gas/ARGON/10 
DSC-TG-PPS-CF 1500C-1h sample LATP1 PPS-CF-1500C-1h 27.0/10.0(K/min)/600.0 ARGON/60/no gas/ARGON/10 
Fig. 4. DSC/TGA curves from LATP1 of the as-received tape and the welded tapes, before and after an annealing steps 
 
File Sample  Range Atmosfere 
DSC-TG-PEEK-CF RT sample LATP2 PEEK-CF-RT 27.0/10.0(K/min)/600.0 ARGON/60//ARGON/10 
DSC-TG-PEEK-CF 750C-1h sample LATP2 PEEK-CF-750C-1h 27.0/10.0(K/min)/600.0 ARGON/60//ARGON/10 
DSC-TG-PEEK-CF 1000C-1h sample LATP2 PEEK-CF-1000C-1h 27.0/10.0(K/min)/600.0 ARGON/60//ARGON/10 
DSC-TG-PEEK-CF 1500C-1h sample LATP2 PEEK-CF-1500C-1h 27.0/10.0(K/min)/600.0 ARGON/60//ARGON/10 
Fig. 5. DSC/TGA curves for LATP2 of the as-received tape and the welded tapes, before and after an annealing steps 
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File Sample  Range Atmosfere 
DSC-TG-PPS/PEEK-CF RT sample LATP3 PPS/PEEK-CF-RT 27.0/10.0(K/min)/600.0 ARGON/60/ARGO/10 
DSC-TG-PPS/PEEK-CF 750C-1h sample LATP3 PPS/PEEK-CF-750C-1h 27.0/10.0(K/min)/600.0 ARGON/60/ARGO/10 
DSC-TG-PPS/PEEK-CF 1000C-1h sample LATP3 PPS/PEEK-CF-1000C-1h 27.0/10.0(K/min)/600.0 ARGON/60/ARGO/10 
DSC-TG-PPS/PEEK-CF 1500C-1h sample LATP3 PPS/PEEK-CF-1500C-1h 27.0/10.0(K/min)/600.0 ARGON/60/ARGO/10 
Fig. 6. DSC/TGA curves for LATP3 of the as-received tape and the welded tapes, before and after an annealing steps 
 
In Table 4 are presented values of degree of cristallinity 
(Xc) calculated from DSC diagrams for all examined 
specimens: LATP1, LATP2 and LATP3.  
Fig. 7 presents the degree of cristalinity vs. different 
temperatures of anneaed composites designated as LATP1, 
LATP2 and LATP3. DSC analysis of LATP2 manufactured 
specimens (Fig. 5) revealed 16.9 % crystallization of the 
PEEK matrix. This is a lower % of cristallinity than the level 
considered optimal for good mechanical properties (~ 35 %) 
and optimal chemical resistance. In contrast, the 
crystallinity of representative autoclaved samples was 
reported as 40 % by Comer et. al. [27]. The decomposition 
of carbon-PEEK samples starts at temperatures higher than 
530 °C and it is related to exothermic DSC peak 
(at ≈ 580 °C). 
 
Fig. 7. Degree of crystallinity of laminates LATP1, LATP2 and 
LATP3 annealed at different temperatures, 1 is room 
temperature 22 °C, 2 refers to 75 °C, 3 refers to 100 °C and 
4 is 150 °C 
There are two possibility for lower crystallinity of 
LATP 1 and LATP 2 at room temperature (samples are 
welded tapes before an annealing step):  
 First possible reason: during a two-stage pass of the 
head over the composite material, the bottom side is 
melted and later during second pass only the top surface 
is melted. The temperature distribution is not very good 
through the ply for the very short time of passing the 
roller over the composite material, namely the heat 
energy does not reach through the whole thickness of 
the composite sample.  
 The second reason could be that the high cooling rate 
performed on this sample. The same findings are 
reported by other authors as well [21]. 
Fig. 8 presents the degree of crystallinity vs. lamina 
(UD tape from starting) and laminate (final samples with 
LATP technology) of composites designated as LATP1, 
LATP2 and LATP3. 
On the other hand, high cooling rates are desirable from 
the point of view to avoid void rebound once pressure from 
the roller is released. This study is still in progress; however, 
the variation and dependence of tool temperature and roller 
temperature are very important and need to be optimized in 
further study in order to manufacture compoistes with 
optimal mechanical properties. 
Table 4 shows the crystallinity degree (Xc) of PEEK/CF 
and PPS/CF. According to data presented in Table 4, the Xc 
of pure PEEK/CF (LATP 2) and pure PPS/CF (LAPT1) can 
be calculated to 16.94 % and 17.13 %, respectively, for 
studies at room temperature. 
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Table 4. Degree of crystallinity (Xc) of LATP 1, LATP2 and LATP3 composite materials 
  
ΔHm J/g 
PPS 
ΔHm J/g 
PEEK 
ΔHс PEEK 
ΔHf J/g 
Degree of cryst.  % 
J/g PPS PEEK PPS/PEEK 
LATP 1 (PPS/CF) 
RT 8.75 / / 51.1 17.13 / / 
75 11.83 / / 51.1 23.15 / / 
100 12.32 / / 51.1 24.11 / / 
150 14.26 / / 51.1 27.97 / / 
LATP 2 
(PEEK/CF) 
RT / 12.22 4.73 44.2 / 16.94 / 
75 / 8.030 4.94 44.2 / 7.00 / 
100 / 11.14 4.14 44.2 / 15.85 / 
150 / 11.82 4.80 44.2 / 15.88 / 
LATP 3 
(PPS/PEEK/CF) 
RT 4.23 6.04 0.94 47.6 19.96 19.15 19.61 
75 3.62 5.89 1.83 47.6 15.90 16.38 16.14 
100 5.64 4.93 1.06 47.6 15.16 25.50 19.97 
150 4.63 5.27 1.40 47.6 15.15 20.93 17.85 
 
 
Fig. 8. Degree of crystallinities of laminates LATP 1-3 annealed at 
different temperatures 
From data presented in this study, it could be concluded 
that LATP 1 sample (PPS/CF) showed an increase in the 
degree of crystallinity with increasing of annealing 
temperature from 17.1 % (at room temperature) to 27.9 % 
(at 150 °C). No induced crystallization was observed here 
before the annealing temperature that shows that the amount 
of material that could be affected by slow heating has 
already crystallized during the annealing step.  
For results obtained from samples LATP2 and LATP3, 
the degree of crystallinity is reduced. It was observed that 
heating the composite material to a certain temperature 
followed by gradual cooling down in oven, subsequent will 
cause a small exothermic peak that shows that the amount 
of material has not already crystallized during the annealing. 
The induced crystallization probably takes place 
continuously between the glass transition and the melting 
temperature for the PEEK matrix which is higher than 
150 °C. 
Compared to pure PEEK/CF (LATP2), the Xc of PEEK 
in binary alloys (LATP3) increased when PPS was added. 
The Xc of PPS in PEEK/PPS alloys decreasesd  when PEEK 
increases for increase of temperature (for LATP 3 presented 
in Table 4 at room temperature and 150 °C). The 
crystallinity degree of PEEK is improved when PPS/CF was 
added. 
4. CONCLUSIONS 
This study covers Laser assisted tape placement process 
of manufacturing of three types of samples based on 
LATP1, LATP2 and LATP3 laminates. The work of tested 
samples LATP 1-3 could be summarized as follows: 
1. During the heating step between the glass transition and 
the melting point, partial melting and recrystallization 
take place in observed samples which result in a higher 
degree of perfection in the crystalline regions (LATP1 
samples), higher crystallinity. 
2. Flexural strength in this study is ~ 70 % of the flexural 
strength that is measured with autoclave process. These 
values are similar with those ones that are already 
reported in literature (given in Table 3). The void % is 
higher for the last two samples, that means it affects the 
flexural strength of the samples. 
3. In PEEK matrix samples (LATP2 and LATP3) there is 
a peak of enthalpy of crystallization at all aging 
temperatures; the aging occurs at temperatures lower 
than the glass temperature for the PEEK matrix. 
4. Since the glass transition temperatures of thermoplastic 
matrices are: ~ 155 °C for PEEK and 85 °C for PPS, it 
is already in author’s plan to continue the aging of these 
composites at higher temperatures and consequently 
examination of the degree of crystallinity of those 
annealed composite laminates. 
5. Void contents are within the allowed void tolerance for 
thermoplastic such as for LATP1; however, in further 
studies targets are focused to manufacture of composite 
materials by ATP with less voids contents and better 
consolidated laminates. 
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